We established three hybridomas (designated 2A12, 4C4 and 6H8) secreting monoclonal antibodies which react with N and H(heated) antigenic particles of poliovirus type 1 (Mahoney strain). One of these monoclonal antibodies, 4C4, had virus-neutralizing activity, while the other two were non-neutralizing. A solid-phase radioimmunoassay and a neutralization test indicated that the specificity of the neutralizing monoclonal antibody 4C4 was the same as that of the monospecific antibody HN31, previously prepared by us by absorbing poliovirus antiserum with an equine serum inhibitor-resistant mutant (M-HN31) of poliovirus. Furthermore, by means of immune electron microscopy, it was revealed that the combining site of the 4C4 neutralizing monoclonal antibody is on or around vertices of the N and H antigenic particles, while the other two monoclonal antibodies are directed to the entire surface of the antigens.
SUMMARY
We established three hybridomas (designated 2A12, 4C4 and 6H8) secreting monoclonal antibodies which react with N and H(heated) antigenic particles of poliovirus type 1 (Mahoney strain). One of these monoclonal antibodies, 4C4, had virus-neutralizing activity, while the other two were non-neutralizing. A solid-phase radioimmunoassay and a neutralization test indicated that the specificity of the neutralizing monoclonal antibody 4C4 was the same as that of the monospecific antibody HN31, previously prepared by us by absorbing poliovirus antiserum with an equine serum inhibitor-resistant mutant (M-HN31) of poliovirus. Furthermore, by means of immune electron microscopy, it was revealed that the combining site of the 4C4 neutralizing monoclonal antibody is on or around vertices of the N and H antigenic particles, while the other two monoclonal antibodies are directed to the entire surface of the antigens.
Two antigens have been found in poliovirus: the N antigen associated with infectious complete particles and the H antigen, which includes naturally occurring empty capsids and 80S particles converted from N antigen by exposure to heat, u.v. radiation, or high pH (Mayer et al., 1957; Roizman et al., 1959; Boey6 & Van Elsen, 1967 , Katagiri et al., 1967 , 1971 Breindl, 1971) . Monoclonal antibody preparations produced by hybridoma cells have proved useful for studying the antigenic structure of several antigenic components of poliovirus (Icenogle et al., 1981; Brioen et al., 1982; Emini et al., 1982; Thorpe et al., 1982; Blondel et al., 1983) . Emini et al. (1982) and Icenogle et al. (1981) established hybridomas producing neutralizing monoclonal antibodies that react with N antigen (145S) and, to a lesser extent, with naturally occurring empty capsids (80S, H antigen) and 14S precursor subunits, but not with heat-treated virion [80S, H(heated) antigen]. In contrast, Blondel et al. (1983) and Thorpe et al. (1982) described neutralizing monoclonal antibodies reactive with both N and H(heated) antigens. In this study, we isolated three hybridomas secreting monoclonal antibodies (2A 12, 4C4 and 6H8) which react with N and H(heated) antigenic particles of poliovirus, and confirmed that one of the antibodies, 4C4, had neutralizing activity.
In another approach to investigate the antigenic properties of poliovirus, Urasawa et al. (1974 Urasawa et al. ( , 1976 employed three kinds of equine serum inhibitor-resistant mutants of poliovirus Mahoney strain (M-HN31, M-HN11 and M-H33) which were obtained by propagating the strain in the presence of equine inhibitory sera (HN31, HNll and H33 respectively) with different neutralization specificities. By absorbing anti-Mahoney serum with the three inhibitor-resistant mutants, three kinds of neutralizing antibodies (HN31, HNll and H33 antibodies) recognizing different antigenic determinants of poliovirus were prepared (Urasawa et at., t974, 1976) . In neutralization tests (Urasawa et al., 1979) and electron microscopy using the monospecific antibodies thus obtained~ it was found that one antibody (HN31 antibody) out of the three examined reacted with both N and H(heated) antigenic particles.
To investigate the relationship of specificity between the monoclonal antibodies obtained here and the three neutralizing antibodies mentioned above, we have examined in the present 0022-1317/83/0000-5797 $02.00 © 1983 SG M study the reactivity of the monoclonal antibodies with the three equine inhibitor-resistant poliovirus mutants in a neutralization test and in a radioimmunoassay (RIA). In addition, the localization of the epitopes of the N and H antigenic particles of poliovirus to which the monoclonal antibodies were directed was examined directly by electron microscopy.
Poliovirus type 1 (Mahoney strain) was grown in LLC-MK2 cells, and purified virus particles (N antigen) were prepared by differential centrifugation, fluorocarbon treatment and banding in a CsC1 density gradient, as described previously (Urasawa et al., 1979) . To prepare H antigen, purified N antigen suspended in 10 mM-phosphate buffer pH 7-4 (PB) was heated at 55 °C for 30 min and incubated with RNase A (final concn. 100 ~tg/ml) at room temperature for 20 min. Purified H antigen was collected by centrifuging the treated virus suspension through a CsC1 gradient, and was dialysed against 10 mM-phosphate-buffered saline pH 7-4 (PBS). The purity of the N and H antigens was checked by electron microscopy. The three inhibitor-resistant Mahoney mutants were purified as described above.
BALB/c mice were inoculated intraperitoneally with purified N antigen (5 x 109 p.f.u.) of Mahoney strain, and were boosted via the same route on day 45 with the same dose of virus. Three days later the mice were sacrificed and spleens were removed. Spleen cells were separated by gentle rubbing with two pieces of frosted glass. The production of hybridomas was carried out according to the method of Nowinski et al. (1979) with slight modifications. Briefly, 1.5 x 108 spleen cells were fused with 4 x 107 P3-X63-Ag8 or P3-X63-Ag8-653 mouse myeloma cells using polyethylene glycol 1540 (Wako, Osaka, Japan) at a final concn, of 50~o. The cell mixture in Dulbecco's modified minimal essential medium supplemented with 15 ~o foetal calf serum was plated onto 96-well microtitre plates at a concn, of 3 × 105 cells per well. After 24 h, the medium was replaced with 50~ (by vol.) HAT medium. Additional feedings with HAT medium (50~ by vol.) were performed every 2 or 3 days. Fourteen days after the fusion, hybridomas producing anti-poliovirus antibodies were identified by assaying the medium from each well by indirect RIA (see footnotes, Table 1 ). For immune electron microscopy, N or H antigenic particles were mixed with 100 ~tl culture fluid from the hybridomas and incubated for 1 h at room temperature and then overnight at 4 °C. The mixture was then processed for electron microscopy as described previously (Taniguchi et al., 1981) . Neutralizing antibody titres were determined by 50~o plaque reduction assay as previously described (Urasawa et al., 1971) .
By screening of the culture fluids of hybridomas by RIA using N particles as antigen for coating wells, three hybridomas, 2A12, 4C4 and 6H8, were selected due to their high antibody activity and rapid growth. These cell lines were cloned twice by limiting dilution and were amplified. All of the monoclonal antibodies secreted by these hybridomas were found to be of the IgG class by double-immunodiffusion tests.
First, using the culture fluids, the reactivity of the monoclonal antibodies with N and H particles was tested by RIA. All three monoclonal antibodies bound to both N and H particles, although the binding efficiency to H antigen of 4C4 and 6H8 clones was lower (Table 1) . Neutralizing activity was found only in 4C4 antibody (a titre of 1:20000); the other two antibodies had no neutralizing activity when examined using a 1 : 10 dilution of the culture fluids (Table 1) .
To compare the specificities of the three monoclonal antibodies obtained here with those of the three monospecific antibodies previously investigated (HN31, HN 11 and H33 antibodies), the reactivity of each monoclonal antibody against the three different inhibitor-resistant mutants (M-HN31, M-HN11 and M-H33) was examined by RIA and neutralization assay. As shown in Table 1 , the 4C4 antibody completely failed to bind to the M-HN31 mutant, while it combined well with the two other mutants and with the parental Mahoney strain in RIA. Furthermore, in the neutralization test, the 4C4 antibody failed to neutralize the infectivity of the M-HN31 mutant, but neutralized the remaining strains with a similar efficiency (Table 1) , thus indicating that the specificity of the 4C4 antibody is indistinguishable from that of the HN31 antibody. In contrast, the 2A12 and 6H8 antibodies reacted well with the three mutants and with the parental Mahoney strain in RIA, but did not neutralize the infectivity of any of the viruses at all (Table 1) .
Finally, we investigated the location of the epitopes on the poliovirus particles to which each * RIA was carried out as follows. Each well of 96-well PVC microtitre plates was precoated with N antigen of each of three equine inhibitor-resistant mutants, N antigen or H antigen of parental virus in 100 I11 10 mM-PBS overnight at 4 °C. After the plates were washed twice with 10 mM-PBS, 1 ~ bovine serum albumin in 10 mM-PBS was added to each well and kept overnight at 4°C. The plates were washed twice with 10 mM-PBS, and 50 I11 of the test sample was added and allowed to react for 1 h at room temperature. After washing three times with 10 mM-PBS containing 0.05 ~ Tween 20 (PBST) to remove unbound antibodies, the plates were incubated with 40 ktli z 5 Ilabelled goat anti-mouse immunoglobulins (2 x 105 ct/min per well) for I h at room temperature. After additional washing three times with PBST, the wells were separated from the plates and counted in a gamma counter.
l" Hybridoma 2A 12 and 6H8 were obtained by a cell fusion using P3-X63-Ag8 cells, and hybridoma 4C4 by a cell fusion using P3-X63-Ag8-653 cells.
:~ The culture fluid from P3-X63-Ag8.653 cells. § The antiserum was obtained from the mouse, on the day of sacrifice, whose spleen was employed for the cell fusion using P3-X63-Ag8-653 cells. In RIA test, a dilution of 1 : 1000 of the serum was used.
II Neutralizing titres were determined by plaque reduction using 100 p.f.u, per 7 cm plate.
of the three monoclonal antibodies was directed by electron microscopy. In the reaction between the 4C4 antibody and the N particles, the density of the cross-linking network of antibodies was low and, interestingly, the IgG molecules combined with the N particles at regularly spaced intervals (Fig. 1 a) . In the reaction of the same antibody with H antigen, the binding site of the antibody to the antigen was readily recognized since the H antigen preparation showed a clearer hexagonal profile. As shown in Fig. 1 (b) , the antibodies from the 4C4 hybridoma attached to the vertices of the H particles. We often observed six IgG molecules radiating out from the vertices of the H particle ( Fig. 1 c, d, e) . When a mixture of N and H particles was used as antigen, 4C4 IgG molecules bridging between the vertices of both N and H antigenic particles were clearly visible (Fig. l f) . In contrast, the mode of attachment of 2A12 and 6H8 antibodies to N and H particles was quite different from that of the 4C4 antibody. In the reactions of each of these two kinds of antibodies with either N antigen, H antigen or a mixture of both antigens, we observed large antigen-antibody complexes with many IgG molecules binding to the entire surfaces of the N and H particles (Fig. I g, h) , showing the presence of many antigenic determinants on the surfaces of the particles recognizable by these antibodies. It was of note that when a mixture of N and H antigens with an extremely low H to N antigen ratio was used, a remarkable tangling of 2A12 IgG molecules around the H particles was found (Fig. 1 i) . However, the reverse was not the case, i.e. even when the ratio of N antigen to H antigen was extremely low, preferential binding of the antibodies to N antigen was not observed. These results imply that the avidity of the 2A12 antibody for H antigen might be much stronger than that for N antigen.
On the basis of the data obtained by various examinations such as by complement fixation (Hummeler & Tumilowicz, 1960 ), immunodiffusion (Le Bouvier, 1959 , and immune electron microscopy (Hummeler et al., 1962) , it has long been thought that the antigenic determinants on the N and H antigens (occurring naturally or produced artificially) of poliovirus are non-crossreactive. However, Hinuma et al. (1970) and Urasawa et al. (1979) (1982) and Icenogle et al. (1981) reported the presence of neutralization epitopes on naturally occurring 80S particles and on 14S precursor subunits, while Blondel et al. (1983) a n d Thorpe et al. (1982) isolated neutralizing monoclonal antibodies which react with H(heated) antigen, The three hybridomas isolated in this study also secreted monoclonal antibodies capable of binding to N and H antigenic particles. Thus, it became evident that the N and H
antigens of poliovirus have common antigenic determinants including the neutralization epitope(s).
The results obtained in this study indicating that the specificity of the neutralizing 4C4 antibody corresponded to that of the HN31 antibody are compatible with our previous finding (Urasawa et al., 1979; Taniguchi et al., 1983) that the neutralizing HN31 antibody is reactive with H as well as N antigenic particles. The other two non-neutralizing monoclonal antibodies were found to bind with all the mutants as well as with the parental virus in RIA. This was expected since these mutants were selected only because of their lack of reactivity to neutralizing equine sera. We are now searching for neutralizing monoclonal antibodies with similar specificity to HN11 or H33 antibody in further cell fusions.
Studies 
